We report a series of nine cases of unusual etiologies for vascular duodenal compression that do not meet the diagnostic criteria for superior mesenteric artery (SMA) syndrome and propose that "SMA-like syndrome" be used to classify these vascular duodenal compression cases.
Introduction
Superior mesenteric artery syndrome (SMAS) was originally described by Rokitansky in 1861 1 and later described as a chronic duodenal ileus by Wilkie in 1927 2 whose name is occasionally used eponymously. SMAS consists of obstruction of the third portion of the duodenum due to compression between the superior mesenteric artery (SMA) and the aorta. Traditional imaging method for establishing the diagnosis of SMAS was an upper gastrointestinal barium (UGI) study. 3 Computed tomography (CT) is considered the diagnostic test of choice as it allows for the evaluation of the mesoaortic vascular anatomy, duodenal compression, and proximal dilatation simultaneously. 4 The aortomesenteric angle (AMA) and aortomesenteric distance (AMD) in patients with SMAS have been reported to be 6 to 22 degrees and 2 to 8 mm, respectively. [4] [5] [6] [7] However, other vascular structures in the abdomen and pelvis may cause compression of adjacent hollow viscera.
Lamba et al 8 refer to a heterogeneous group of disorders including the median arcuate ligament syndrome (MALS), May-Thurner syndrome, nutcracker syndrome, SMAS, ureteropelvic junction obstruction, and ovarian vein syndrome (OVS) as "vascular compression syndromes. " We report a series of nine cases, all presenting with third portion duodenal obstruction secondary to CT proven vascular compression, none of whom met the strict diagnostic criteria for SMAS. We propose the term "SMA-like syndrome" for patients presenting with third portion duodenal obstruction caused by vascular duodenal compression other than the SMA/aorta of SMAS.
Patients and Methods
This retrospective study included nine patients who presented to our institution with postprandial epigastric pain, abdominal distension, nausea and vomiting, and imaging evidence (UGI and/or CT) of transverse (third portion) duodenal obstruction between January 2016 and January 2019.
All patients underwent CT evaluation on a Siemens Somatom (Erlangen, Germany) multidetector CT scanner utilizing our contrast enhanced routine abdomen and pelvis protocol. Axial 3-mm thick sections CT images from the lung bases to the pubic ramus were acquired 65 seconds following the administration of Omnipaque 350 (General Electric Company, MA, United States) intravenous contrast, dosed at 1.5 mL/kg, injected at a rate of 3 mL/s during the portal venous phase. Images were also reconstructed utilizing multiplanar reformatted images in the sagittal and coronal planes at 3 mm thickness, utilizing high and low frequency reconstruction kernels, respectively.
The AMA and AMD were measured for each case (►Table 1). The AMA was measured on sagittal reformatted 48 degrees and an AMD of 25 mm. Patient 2 showed duodenal compression between the jenunal branch of the SMA and the distal abdominal aorta (►Fig. 2B and C) and had an AMA of 20 degrees and an AMD of 5 mm. Patient 3 demonstrated duodenal compression between the jejunal branch of the SMA and the abdominal aortic aneurism (AAA; ►Fig. 3B and C) with an AMA of 54 degrees and an AMD of 27 mm. Patient 4 showed duodenal compression between the SMA/ SMV and a retroperitoneal cyst (►Fig. 6) with an AMA of 16 degrees and an AMD of 7 mm. Patient 5 had a prior resection of a retroperitoneal sarcoma and a left hemicolectomy and duodenal compression between the superior mesenteric vein (SMV) and aorta (►Fig. 4B) with an AMA of 32 degrees and an AMD of 20 mm. Patient 6 exhibited duodenal compression between the distal SMA, just distal to the takeoff of the jejunal branch, and the left common iliac artery (►Fig. 7) with an AMA and AMD of 29 degrees and 6 mm, respectively. Patient 7 demonstrated a duodenal compression between the SMV and the IVC (►Fig. 8) with an AMA of 26 degrees and an AMD of 10 mm. Patient 8 exhibited duodenal compression between distal branches of the SMV and the IVC (►Fig. 9) with an AMA of 33 degrees and an AMD of 8 mm. Patient 9 had duodenal compression between the SMV and IVC (►Fig. 10) with an AMA of 11 degrees and an AMD of 4 mm. 9
Discussion
The incidence of SMAS in the general population has been reported by Lee et al 10 to be between 0.0024 and 0.34% and by Anderson et al 11 at 0.2%. Two-thirds of patients with SMAS are between 10 and 39 years of age 12 with females more commonly affected. Because of the erect posture of humans, the SMA exits the abdominal aorta at an acute downward angle (►Fig. 11) that the third part of the duodenum, suspended by the ligament of Treitz, passes through and thus is vulnerable to becoming pinched between the SMA anteriorly and the aorta and vertebral column posteriorly. The duodenum crosses the vertebral column in most people at the L3 level. 13 A short suspensory ligament can bring the duodenum higher Abbreviations: AMA: aorto-mesenteric angle; AMD: aorto-mesenteric distance. images and the AMD measured between the anterior margin of the aorta and the posterior aspect of the SMA at the level of the duodenal (third portion) crossing. Any patient with duodenal compression between the SMA and aorta and meeting the reported SMAS standards for AMA (6-22 degrees) and AMD (2-8 mm) [4] [5] [6] [7] [8] was excluded from this study.
Results
The nine patients in this series were comprised of five males and four females with age ranging from 20 to 88 years at the time of presentation. All patients presented with abdominal distention, postprandial abdominal pain, and nausea and vomiting. Four patients were initially evaluated by formal barium meal studies (UGI) all of which showed gastric and duodenal dilatation with an obstruction at the third part of the duodenum (►Figs. 1A, 2A, 3A, and 4A). Definitive diagnosis was made by CT scan with IV contrast in all nine patients. CT of patient 1 in this series showed a highly unusual duodenal compression between the right gonadal vein and the ileocolic vein (►Figs. 1B, 1C, and 5) and had an AMA of (i.e., shortens the AMD) into the vascular angle and more vulnerable to compression.
Ahmed et al 13 state that SMAS should be distinguished from SMA-like syndrome in which the dilatation of the duodenum is a part of a generalized duodenal dilatation (megaduodenum) of variable etiology and not caused by a compressing structure. Gondos 14 studied 11 cases of systemic sclerosis in which all patients were found to have atrophy of the muscle layers of the duodenum and replacement by collagenous tissue leading to diminished muscle tone and diminished peristalsis and duodenal dilatation. The duodenal compression (from SMA imprinting) in these cases occurs only secondarily as a response to dilatation and loss of muscle tone of the duodenum. There are many pathologic conditions that may predispose to the development of a megaduodenum and, in turn, an imprinting of the duodenum by the SMA and include scleroderma, dermatomyositis, lupus erythematosus, diabetes, amyloidosis, and chronic idiopathic intestinal pseudo-obstruction. 15 
SMA-Like Syndrome Dross et al.
Lamba et al 8 state that all other causes of duodenal obstruction (benign or malignant strictures, tumors, aneurysms, and pancreatitis) must be excluded before a diagnosis of SMAS is made and includes only those cases where duodenal obstruction is due to compression between the SMA and abdominal aorta. Our series of cases, however, illustrate vascular duodenal compression disorders (with one exception) caused by highly unusual vascular compression other than the SMA and aorta classic for SMAS. Numerous mesenteric vessels course anterior to the third portion of the duodenum, as well as the large retroperitoneal vessels and their branches posteriorly (►Fig. 12), which are potential sources of extrinsic compression. Additionally, variation in the length of the duodenal suspensory ligament can displace the duodenum inferiorly and to a position susceptible to compression by the cases in this series. Our series demonstrates, these compression syndromes may be caused by either arterial (►Fig. 13A) and venous vasculature (►Fig. 13B).
Several of the presented cases in this series present vascular duodenal compressive disorders, which to the best of our knowledge, have never been reported before in the world literature. These include duodenal compression between the right gonadal vein and ileocolic vein (►Fig. 5); distal SMA branches and the aorta (including an abdominal aortic aneurism); SMV and aorta; SMA and left common iliac artery; ileocolic vein and IVC; distal branches of the SMV and IVC; as well as compression between the SMA/SMV and a retroperitoneal cyst. Shin et al 16 
Conclusion
The diagnostic criterion for the diagnosis of the SMAS has been well established in the literature. We report a series of nine cases of unusual etiologies for vascular duodenal compression that do not meet the diagnostic criteria for the SMAS and propose that "SMA-like syndrome" be used to classify these unusual vascular duodenal compression cases.
